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RESULTS OF TESTS OF ADVANCED FLEXIBLE 
REUSABLE SURFACE INSULATION VORTEX AND 
FLOW ENVIRONMENTS IN THE NORTH AMERICAN 
AERODYNAMICS LABORATORY LOWSPEED WIND TUNNEL 
USING 0.0405- SCALE SPACE SHUTTLE ORBITER MODEL 16-0 

(TEST OA-30?) 

by 

B. A. Marshall and M. E. Nichols 
ABSTRACT 

An experimental investigation (Test OA-309) was conducted using 0.0405- 
scale Space Shuttle Orbiter Model 16-0 in the North American Aerodynamics 
Laboratory 7.75 x 11. 00-foot Lowspeed Wind Tunnel during the time period 
of April 25 through May 9, 1983 and August 23 through August 24, 1983. 

The primary purpose of this investigation was to locate and study any flow 
conditions or vortices that might have caused damage to the Advanced 
Flexible Reusable Surface Insulation (AFRSI) during the Space Transportation 
System STS-6 mission. A secondary objective was to evaluate vortex gen- 
erators to be used for Wind Tunnel Test OS-314. 

Flowfield visualization was obtained by means of smoke, tufts, and oil flow. 
The test was conducted at Mach numbers between 0.07 and 0.23 and at dynamic 
pressures between 7 and 35 pounds per square foot. The anqle-of -attack 
range of the model was -5 degrees through 35 degrees at 0 or 2 degrees of 
sideslip, while roll angle was held constant at zero degrees. The vortex 
generators were studied at angles of 0, 5, 10, and 15 degrees. 
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INTRODUCTION 


Wind Tunnel tests were initiated as a result of the OV-099 OMS pod AFRSI- 
panel failure which occurred during STS-6 entry. The AFRSI failed at the 
leading edge outboard corner of both CMS pods during STS-6 entry. To locate 
and study any flow conditions or vortices around the orbiter vehicle which 
might have caused damage to the AFRSI, Low Speed wind tunnel tests of a 
0.0405-scale SSV orbiter model 16-0 were conducted. The tests were conducted 
in the Rockwell NAAL 7.75 x 11.00-foot Lowspeed Wind Tunnel in the time 
period of April 25 thorugh May 9, 1983, and from August 23 through August 24, 
1984. These tests are numbered QA-309. 

A secondary objective of these tests was to investigate the vortex shedding 
from a variety of vortex generator designs to determine which (if any) most 
closely simulated the vortex flowfield around the CMS pod. The chord lengths, 
camber, and span were varied in the four different vortex generator designs 
used for these tests. Data obtained from this portion of the test were used 
to determine the candidate vortex generators for use in a follow-on OMS AFRSI 
test (OS-314) in the ARC 9x7-foot wind tunnel. 

Smoke, tufts, and oil flow studies were conducted as a means of obtaining 
flowfield visualization. Acoustic pressure transducers (Kulites) were used 
to measure the sound pressure levels of the aero-acoustic environment and an 
eleven-tube total pressure rake provided boundary layer profiles near the 
OMS pod and at two locations on the wing. 

This test was conducted at Mach numbers between 0.07 and 0.23 and at dynamic 
pressures of 7, 10, 35, 60, and 80 psf. The angle of attack range of the model 
was -5 degrees through 35 degrees at 0 or 2 degrees of sideslip, while roll 
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INTRODUCTION (Concluded) 


angle was held constant at zero degrees. The vortex generators were 
studied at angles of attack of 0, 5, 10, and 15 degrees. 

All test objectives were met. This report contains information on the 
conduct of Test OA-309, descriptions of the test facility, instrumentation 
details, and data collected during the test. Photographs of the 0.0405- 
scale Space Shuttle Orbiter Model 16-0 are also included. 
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NOMENCLATURE 


Symbol 


b 

c 


Cp 

Deg., deg., ° 
°F 

Ft, ft 

IN., In., in. 


Def inition 
Span, inches 

Mean aerodynamic chord, inches 
Pressure coefficient 
Degrees 

Degrees Fahrenheit 
Feet 

Inches 


P5 through P15 

PSF, psf 
PSFA 
PSI, psi 
PSIA 
PT 

Pt. 

Q, qo 

sec 

sq. 

V5 through VI 5 

V* 

Vo 

*o 

Y 0 

Zo 


Pressure coefficient at boundary layer-rake 
tubes 5 through 15 

Pounds per square foot 

Absolute pressure, PSF 

Pounds per square inch 

Absolute pressure, psi 

Total/stacpiation pressure, psi 

Point 

Local dynamic pressure, PSF 
Freestream dynamic pressure, PSF 
Seconds 
Square 

Velocity at boundary-layer rake tubes 5 through 15, 
feet per second 

Local velocity, feet per second 

Freestream velocity, feet per second 
Orbiter longitudinal station, inches 
Orbiter lateral buttplane, inches 

Orbiter vertical waterplane, inches 
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NOMENCLATURE (Continued) 


Symbol 

Def inition 

a 

Angle of attack in degrees 

4 ° 

Angle of vortex generator, degrees 

-A- L.E. 

Sweep angle of the leading edge, degrees 

A 

2 

Freestream density, slugs per ft 

Other Symbology Includes: 

Symbol 

Definition 

AFRSI 

Advanced Flexible Reusable Surface Insulation 

ARC 

Ames Research Center 

Bal . 

Balance 

equiv. 

Equivalent 

Fus. 

Fuselage 

Fwd. 

Forward 

H.L. 

Hingeline 

IML 

Inner Mold Line 

Inb ‘d 

Inboard 

inc . 

Increment 

L.E. 

Leading-Edge 

L.H. 

Lef t-Hand 

LRSI 

Low Temperature Reusable Surface Insulation 

MAC 

Mean Aerodynamic Chord, inches 

Max. 

Maximum 

Min . 

Minimum 

M.L. 

Mold Line 

Mod. 

Modification 
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NOMENCLATURE (Concluded) 


Symbol 

Definition 

NAAL 

North American Aerodynamics Laboratory 

No. 

Number 

O-graph 

Oscillograph 

OML 

Outer Mold Line 

OMS 

Orbiter Maneuvering System 

Outb'd 

Outboard 

R.H. 

Right-Hand 

Sta. 

Station 

SSV 

Space Shuttle Vehicle 

STS 

Space Transportation System 

T.E. 

Trailing Edge 

TEMP 

Temperature 

Theo. 

Theoretical 

WP 

Waterplane 

W . 
set 

Weight Set 
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RBAARKS 


All objectives were met during Test 0A-309. However, due to a malfunctioning 
tunnel-motor clutch which required extensive repair, there was a 15-week 
hiatus amid testing. Repairs to the tunnel were completed on August 22, 1983, 

and testing was resumed the next day. The test was completed on August 24, 

1983. Ten runs were made during these two final days. These runs, plus one run 
made just before the tunnel breakdown, comprised the final kerosene-and-talc 

boundary-layer flow-visualization segment of Test OA-309. 

It should also be noted that there are no still photographs contained in 
this report for the tufting used with the vortex generators on the tunnel 
floor . 



CONFIGU RAT IONS INVESTIGATED 


The model provided for Test OA-309 was a 0.0405-scale representation of the 
140C Space Shuttle Orbiter outer mold line configuration (see Figure 2a). 

Model installation was accomplished with the sting/support system utilizing 

the 2.5-inch MK. IX Master Balance Gage, the W-1052 sting, and the 15-inch sting 
adaptor. The basic model was of the blended-wing/body design utilizing a 

double-delta wing (7 5°/45° L.E.), full-span, dual-panel elevons (unswept 

hingeline and 6-inch gaps), a centerline vertical tail with rudder-and/or 

speedbrake-def lection capability, a canopy, a bodyflap, and orbital 

maneuvering system (OMS) pods mounted on the aft fuselage sidewalls adjacent 
to the vertical tail. 

The starboard side of the model was spray-painted black to facilitate smoke 

and tuft studies. The port side was initially unpainted and used for Kulite 
and total-head rake measurements. Transition grit was located on the model 

nose and all swept surfaces to provide forced boundary- layer transition. 

Nominal grit-diameter for all surfaces except the fuselage was 0.0076 inch 

and was 0.0054 inch for the fuselage. The 0. 10- inch-thick strip was located 
1.0 inch (streamwise) aft of the local leading edge. 

For Test OA-309, the following nomenclature was used to designate various model 
components: 

Component Description 

B ^2 140C Orbiter Body 

C |2 140C Orbiter Canopy 
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CONFIGURATIONS INVESTIGATED (Concluded) 
Description 


Component 


'-55 


r 10 

n 28 
W 


127 


V 8 


140C Orbiter [Xial-Panel Elevons 

140C Orbiter Bodyflap 

140C Orbiter CMS Pod 

140C Orbiter OMS Nozzles 

140C Orbiter Double-Delta Wing 

HOC Orbiter Rudder 

140C Orbiter Centerline Vertical Tail 


Transition Grit 



INSTRUMENTATION 


Fifteen Statham transducers were calibrated to ±1 psi and used to measure 
11 dynamic pressures on a boundary-layer rake and one static pressure on 
a "bug." Three transducers were available as spares. The transducers were 
referenced to the tunnel static-pressure ring (P^). 

Oie ±15 psi differential Kulj.te transducer (XGQH-093) was attached to the 
end of a probe and used to monitor the airflow behind the vortex generator. 

The probe Kulite was referenced to atmosphere in the control room. Flat-pack 
transducers (LQL-080-25) were mounted on various locations on the model, but 
were not calibrated (see Figure 2c). Oscillograph traces of the measurements 
from the Kulites located in the region of AFRSI damage are given in the 
Appendix of this report. 

The eleven-tube total-pressure rake was mounted immediately forward of the 
OMS pod (Figure 2d) and at two locations on the pod (Figures 2e and 2f). 

The rake was also mounted at two locations on the wing, with the rake face 
at the elevon hinge line, either 8 inches or 4 inches (model scale) inboard 
from the wing tip (Figures 2h and 2i, respectively). In addition, the rake was 
positioned at the location just forward of the OMS pod, with the CMS pod removed 
and the resulting cavity faired with tunnel wax (Figure 2g). 

Velocity profiles for an angle-of-attack of zero degrees and 10 degrees (as 
measured by the rake) are presented in the Appendix of this report. It should 
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INSTRUMENTATION (Concluded) 


also be noted that the bottom tube of the rake was 0.2 inches above the model 
surface and the distance between tube centerlines was also 0.2 inches. 
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TEST FACILITY DESCRIPTION 


The North Anerican Aerodynamics Laboratory (NAAL) 7.75 x 11.00-foot wind tunnel 
is a continuous-flow, closed-circuit, single-return tunnel capable of speeds 

up to 200 miles per hour. 

The test section is vented to atmospheric pressure and is 7.75 x 11.00 feet wide 

and 12 feet long. Power is supplied by a 1250-horsepower, nacelle-mounted, 

synchronous motor driving a 19-foot, seven-blade, laminated-birch propeller. 
Airspeed is controlled by using a magnetic clutch to vary the degree of 
coupling between the motor and propeller. Turbulence is minimized by a 
damping screen and a honeycomb section in the settling chamber upstream from 
the contraction cone (ratio 7.53 to 1). 

Tests may be conducted using a variety of mounting systems: single strut, 

double strut, sting/strut, reflection-plane, cable- suspension, or two- 

dimensional wall. Aerodynamic data may be measured by a planar-type external 
balance system or sting-mounted internal balances. An Astrodata Automatic 

Data Acquisition System collects, multiplexes, digitizes, and records on 

magnetic tape 50 channels of force or pressure data, or both. Data are then 
reduced and plotted using automatic data-processing equipment and an automatic 

digital plotter. 

The NAAL wind tunnel has been operating since June 1943. Calibrations are 
available over a wide range of test conditions. 
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TEST PROCEDURES 


Smoke, tufts, and oil flow were used to visualize the orbiter flowfields. 

Kulite pressure transducers were utilized to measure the acoustic environ- 
ment, and boundary-layer profiles were determined with a total-pressure rake. 

In addition, four different vortex generators were mounted on the tunnel 
floor, and vortex characteristics were measured by probing the flowfields behind 
the vortex generators with a 15-psi Kulite transducer. The vortex generators 

were studied at angles of 0, 5, 10, and 15 degrees. The vortex-generator tests 
were used to support Test OS-314, which was conducted in the ARC 9x7-ft wind 
tunnel during May 1983 in order to evaluate AFRSI characteristics with an 
impressed vortex. 

The test procedure was to pitch the model from -5 degrees angle of attack to 
35 degrees in 5-degree pitch-pause increments and take still and motion 
picture photographs. A continuous-pitch sweep from -5 degrees to 35 degrees 
was made with the tufts on the model and the resulting flowfields recorded 
with top and side-view motion-picture cameras. Some still photographs taken 
during Test OA-309 are presented in the Appendix of this report. Operating 

conditions for the test were nominally q = 7, 10, 35, 60, and 80 psf. About 
half of the smoke flow was at a dynamic pressure of 10 psf. Oil flows were 
conducted at a dynamic pressure of 80 psf. A summary of test conditions for 

Test OA-309 is shown in Table I. A summary of the runs completed during Test 
OA-309 is shown in Table II. 

Runs 1 through 6 were devoted to smoke-wand studies. .The wand was fed into 
the tunnel via the hole in the north window of the test section which permitted 
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TEST PROCEDURES (Continued) 


access to the complete right side of the model. Still photographs were taken 
with two Polaroid cameras: one on top of the test section and one in the 
north window (see Appendix). Motion pictures were tcken with a Milliken 
canera mounted on top of the test section. Film speed was 50 frames per 
second. 

Runs 7 and 8 were tuft-study runs. The right side of the model was tufted 
from the nose to the aft trailing edge and photographed from the top and side 
by both a Polaroid (see Appendix) and Milliken cameras. 

Also, during Test OA-309, tufting on the tunnel floor was used to observe 
the effect of the vortex generators mounted on the tunnel floor. A Kulite 
mounted on the end of a movable, hand-held probe was used to measure fluctuating 
and static pressures downstream of the vortex generator. It should be noted 
that four different vortex generators were tested, one at a time, during the 

course of runs 9 through 32 (see Table II). Figure 2b depicts one of the 
four vortex generators installed on the floor of the NAAL lowspeed wind tunnel. 

This configuration is representative of the vortex-generator installations used 
during Test OA-309. 

Kerosene-and-talc flow visualization techniques had just begun on 

May 9, 1983 when tunnel problems forced the test to end temporarily. Alpha = 

15 degrees was the only angle to be completed before this suspension of 
testing. During this one run (Run 33), a Milliken movie camera was used to 

show flow-pattern development, and a Polaroid camera was used to photograph 
areas of interest after the mixture dried. 
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TEST PROCEDURES (Concluded) 


Repairs to the tunnel were completed on August 22, 1983, and testing was 

resumed the next day. Kerosene-and-talc flow visualization was performed 

at angles of attack of -5° through 35° at 5° increments with a sideslip of 

0°. In addition, a run with an angle of attack of 15° and with an angle of 

sideslip of 2° was made, for a total of 10 runs. Each run consisted of 

spraying the entire surface of the model (except for the base of the model) 
with a kerosene-and-talc mixture and immediately running the tunnel at 80 psf 
dynamic pressure until the flow pattern was fully established and drying 
was well underway. After the tunnel was shut down and the drying of the 

resultant flow pattern had been completed, photos were taken, with both 

Polaroid and 4" x 5" film, of the entire model and of specific areas of 
interest on the model (see Appendix). No movie camera was used to photograph 

the flow-pattern development during these last 10 runs. 
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DATA REDUCTION 


Pressure data from the boundary-layer rake and the static-pressure bug were 

recorded by the NAAL data-acquisition system. This information was reduced 
to coefficient form and into velocity profiles. Local velocity was deter- 
mined as follows: 


v* =^V 0 =v ^V 0 
V 0 V 


j 2q 0 / 2x33.36 ft 

.here V 0 = \f = V 0 . 002378 = U? ' 5 ™ 

and Cp = 

^ qo 

The Cp's obtained from the boundary- layer rake are presented in the Appendix 
of this report. 


The probe's Kulite transducer was recorded on a NAAL oscillograph and on an 
STSD recording system. The Kulite was also monitored on an oscilloscope. 
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Ta b le I 


TEST : Of\ -30^ 

TEST CONDITIONS 

date i Q-2H-8H 



MACH NUMBER 

ToPa.1 Pressure 
(p oun d S/ S /V.) 

Dynamic. PfCisore 
(pounds /S^. /+. ) 


0.0 75* 

2.1 Z 3 

7 






0.0 82. 

2-12 6 

1° 






0. 15-3 

215*1 

35" 
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2/76 

*0 
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0-2-3/ 

Z/<?6 

80 
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BALANCE UTILIZED: 


N1 A 


CAPACITY: 


ACCURACY: 


NT 

SF 

AF 

pm 

Rv 

YM 


COEFFICIENT 

TOLERANCE: 


COMMENTS: 
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Table UX.. 


MODEL DIMENSIONAL DATA 


MODEL COMPONENT : BODY - B &£ 

GENERAL DESCRIPTION • Configuration I4QC orblter fuselage, MCR 20Q- RA. 
Similar to ILOa/B fuselage excect aft body revised and improved midbody- 


wing-boot fairing. Xq = 940 to Xq » 1040. 


MODEL SCALE: 0,0405 

DRAWING NUMBER . __ 


VL70-000140C, -000202C, -00020 5A 
\LiL)-ChJv2L)Cib , —LKjij'Aj'J 


DIMENSIONS : FULL SCALE 

Length (IML: Fwd St*. X Q =238), In. 1290.3 
Length (OKL: Fwd St*. X Q =235). I n. 1293.3 

Max Width (@ Xq = 1528.3), In. 26 4.0 

Mox Depth (@ Xq — 1464) , In. 250.0 

Fineness Rotio 4 • ^99 

Area ~ Ft^ 

Max. Cross-Sectional 34-0. 885 

PI an form 


MODEL SCALE 
52.257 
52.379 

10.692 

■ -10.125 

4.899 


0.559 


Wetted 

Base 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MO EEL COMPONENT: CANOPY - C i2 

OHfZRAL DESCRIPTION: Configuration ll*OC orbiter canopy, vehicle cabin 
No. 31 updated to MCR 200-Rl*. Used with fuselage B^- 


MODEL SCALE: 0.0405 

DRAWING NUMBER: VL70-OOOll*OC, OV)202B, 

-00020b 


DIMBTSIONS: 

FULL SCALE 

MODEL SCALE 

Length (X Q - L 3 L. 6 L 3 to 578), In. 

11*3-357 

5.806 

Hax Width (8 X 0 = 513-127), In. 

152 . 1*12 

6.173 

Max Depth (Z D - 501 to 1+1*9-39), In. 

51.61 

2.090 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: ELEVON - E 55 

GENERAL DESCRIPTION: Configuration 140C dual panel elevon. Elevon hinge- 
line at X 0 => 1367. Elevon split line at Y 0 = 28l to 312. 5- Upper wing/ 

elevon gap sealed by flipper doors. 

MODEL SCALE: 0.0405 

DRAWING NUMBER: VL70-000140C, -OO6089, -000200B, -006092 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

Area , Ft^ 

210.00 

0.344 

Span (equivalent), In. 

349.20 

14.143 

Inb'd equivalent chord, In. 

118.00 

4.779 

Outb'd equivalent chord, In. 

55.19 

2.235 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

0.210 

0.211 

At Outb’d equiv. chord 

0.400 

0.410 

Sweep Back Angles, degrees 

Leading Edge 

0.0 

1.0 

Trailing Edge 

- 10.056 

- 10.056 

Hingeline 

0.0 

0.0 

Area Moment (Product of Area & c). Ft 3 

1587.25 

0.1054 

Mean Aerodynamic Chord, In. 

99.71 

3-°73 
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TABLE in. MODEL DIMENSIONAL DATA (Continued) 


MODEL OOKPOHENT: BOOT FLAP - F 10 

GENERAL DESCRIPTION: Configuration 140C body flap. Hingeline 

located at X Q * 1532 > Z Q ■ 287. 


MODEL SCALE: 0.0405 

DRAWING NUMBER: VL70-000140C, -355H 1 + 


DIMENSIONS: 

FULL SCALE 

MODEL SCAIE 

Length (X Q - 1525 to X D - 1613 ), In. 

87.50 

3.5^ 

Max Width (@ L.E., X 0 * 1525. 5) > In. 

256.00 

10.366 

Max Depth (X D * 1532 )> In. 

19.793 

0.602 

Area 

Max. Cross -Sectional (@ H.L.) 

35.196 

3.058 

Plan form 

135 • oo 

0.221 

Wetted 

Base (Xo = 1613) 

4.89 

0.008 
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TABLE HI. M3 EEL DIMEHSIOKAL DATA (Continued) 


MOEEL OOMPOMEHT: CMS POD - M l6 

GENERAL DESCRIPTION: Configuration lLoC orbiter CMS pod - abort pod. 


MODEL SCALE: 0.0405 

DRAWING HUMBER: VL70- 0081+01, -0981+10 


DDcarsioHS: 

PULL SCALE 

MODEL SCAIZ 

Length (CMS Fvd. sta. X 0 = 1313.5), in. 

258.50 

10.1+69 

Max Width (@ X 0 = 15 11), in. 

13b. 8 

5.540 

Max Depth (@ Xc = 151l)» in. 

7 b. 70 

3.025 

Area, Ft 2 



Max. CroBB-Sectional 

58.86*+ 

0. 0986 
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TABLE m. MO EEL DIMENSIONAL DATA (Continued) 
MOEEL COMPONENT: CMS NOZZLES - N 2 g 

GENERAL DESCRIPTION: Configuration lUOC - orbiter OiS nettles. 


MODEL SCALE: 0.01*05 

DRAWING NUMBER: VL70-00011*0A (Location), SS-A00106 , Release 5(Contour) 


DIMENSIONS: 

Girobal Point (Station), in. 
Left Nozzles 

X 0 

To 

Z 0 

Right Nozzles 

X 0 

To 

Zo 

Null Position - Deg. 

Left Nozzles 
Pitch 
Yaw 

Right Nozzles 
Pitch 

Taw 


PULL SCALE 

MODEL SCALE 

1516.00 

61.1*79 

- 89.0 

- 3-561* 

1 * 92.0 

19.926 

15 IB. 00 

6 I.U 79 

88.00 

3-561* 

1 * 92.00 

19.926 

15°1*9' 

1501+9' 

12017 ' 

12017' 

15°49' 

15°i*9' 

12° 17 ' 

12° 17’ 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 

MODEL COMPONENT: WING - W 12 7 

GENERAL DESCRIPTION: Configuration l40C orbiter ving, MCR 2GO-Rc, sim- 
ilar to 140A/B ving but with refinements: Improved ving-boot-mid - 

tody fairing (X 0 = 940 1 ° X 0 = 1040); elevon split line relocated from 
Y 0 = 281 to T c = 312.5. MODEL SCALE: 0.0l05 DWG. NO.: VL73- 393140C, -290B 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

TOTAL DATA 

Area (Theo.), ft 2 

Planform 

269 J • 3 3 

4.412 

Span (Theo. ) , in. 

93 t .63 

37.936 

Aspect Ratio 

2.265 

2.215 

Rate of Taper 

1-177 

1.177 

Taper Ratio 

,). 230 

0.209 

Dihedral Angle . degrees 

3- 50O 

3-530 

Incidence Angle, degrees 

0.500 

O.5OO 

Aerodynamic Tvist, degrees 
Sweep Back Angles, degrees 

Leading Edge 

U5.OOO 

45.03C 

Trailing Edge 

- 10.056 

- 10.056 

0.25 Element Line 

35.209 

35 • 20 ° 

Chords : 

Root (Theo.) B. P.O.O. 

639.24 

27.914 

Tip, (Theo.) B.P. 

137.35 

5.503 

MAC 

471.31 

19.233 

X 0 of .25 MAC 

1134. p 3 

4c . 342 

Zo of .25 MAC 

290.53 

11.769 

Y n of .25 MAC 

132 . 13 

7.736 

EXPOSED DATA 

Area (Theo. ) , ft^ 

1751.53 

2.873 

Span, (Theo.), in. BP108 

720.69 

29. 138 

Aspect Ratio 

2.059 

2.059 

Taper Ratio 

9.245 

0.215 

Chords 

Root BP10S 

562 . 0 Q 

22 . 7c 5 

Tip 1.00 b/2 

137.65 

5.593 

MAC 

392.33 

15- 91 1 

X D of .25 MAC 

1165 • 9-6 

46. 332 

Z c of .25 MA.C 

294.30 

11.919 

Y c of .25 MAC 251-77 

Airfoil Section (Rockwell Mod NASA) XXXX-64 

10 . 197 

Root b/2 = 

0.113 

0.113 

Tip b/2 = 

3. 120 

0. 12 3 

Data for (l) of (2) Sides 
Leading Edge Cuff 

Planform. Area, ft^ 

113.13 

0. let 

Leading Edge Intersects Fus M.L. @ Sta 

530.00 

20.250 

Leading Edge Intersects Wing @ Sta 

102 4.0 ) 

41.472 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 


MODEL COMPONENT: RUDDER - R 5 

GENERAL IESCRIPTION: Configuration 140C orbiter rudder (identical 

to configuration 140 a/B rudder). 

MODEL SCALE: 0.435 

DRAWING NUMBER: VL70-000146B, -033395 


DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Area, Ft^ 

100.15 

3.1643 

Span (equivalent), In. 

231.00 

8.141 

Inb'd equivalent chord, In. 

91.565 

3.730 

Outb'd equivalent chord, In. 

54.633 

2.059 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

3.400 

0.430 

At Outb'd equiv. chord 

0 . 430 

3.400 

Sweep Back Angles, degrees 

Leading Edge 

3 4 . 63 

34.63 

Trailing Edge 

2fc . 25 

2b.25 

Hingeline 

34.63 

3^.o3 

Area Moment(Product of Area 8c c ) , Pt3 

610.92 

O.OlCc 

Mean Aerodynamic Chord, In. 

73.2 

2.965 
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TABLE III. MODEL DIMENSIONAL DATA (Continued) 

MOEEL COMPONENT: VERTICAL - Vft 

GENERAL DESCRIPTION: Configuration l40C orbiter vertical tail (iden- 

tical to configuration 14DA/B vertical tail). 

MOEEL SCALE: 0.0405 

DRAWING NUMBER: VL70-0001UQC, 7D-0D0146B 


DIMENSIONS: 

FULL SCALE 

MODEL SCAIE 

TOTAL DATA 

Area (Theo. ) , ft 2 

Planforni 

413-253 

0.670 

Span (Theo.), in- 

315.72 

12.737 

Aspect Ratio 

1.675 

1.675 

Rate of Taper 

0.507 

0.557 

Taper Ratio 

0.404 

0.104 

Sweep Back Angles, degrees 

Leading Edge 

15.00 

15.00 

Trailing Edge 

26.25 

26.25 

0.25 Element Line 

41.13 

ll . 13 

Chords: 

268.50 

10.871 

Root (Theo . ) WP 

Tip (Theo.) WP 

108.17 

4-393 

MAC 

190.81 

8.092 

X 0 of .25 MAC 

1463.35 

59.266 

Z 0 of .25 MAC 

635.52 

25.739 

Y 0 of .25 MAC 

0.00 

0.00 

Airfoil Section 

Leading Wedge Angle, deg. 

10.00 

10.0 0 

Trailing Wedge Angle, deg. 

14.92 

14.92 

Leading Edge Radius 

2.00 

0.0810 

Void Area 

13-17 

0.022 

Blanketed Area 

0.0 

0.0 
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TABLE III. MODEL DIMENSIONAL DATA (Concluded) 

MODEL COMPONENT: TRANSITION GRIT - X9 

GENERAL DESCRIPTION: Grit located on model nose and all 6vept sur- 

faces to provide forced boundary layer transition. 

NOMINAL GRIT DIAMETER - IN. 


Fuselage 


0 . 005 *: 

All surfaces except 

fuselage 

0.0070 

STRIP THICKNESS - IN. 


0.10 

LOCATION: 



Inches aft of local 
(streamvise) 

leading edge 

1.00 
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CRITICAL AREAS OF AFRSI APPLICATION (Configuration sketch) 






1 Photographs 
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Figure 2. Continued- 
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Figure 2. Continued 



Figure 2. Concluded 





APPENDIX 


OSCILLOGRAPH TRACES OF KULITES LOCATED ON THE OMS 
POD OF MODEL 16-0 


BOUNDARY- LAYER PROFILES 

TABULATED BOUNDARY- LAYER RAKE PRESSURE COEFFICIENTS 

SMOKE- FLOW PHOTOGRAPHS (DYNAMIC PRESSURE = 7 PSF 
EXCEPT WHERE NOTED) 

TUFT FLOW PHOTOGRAPHS (DYNAMIC PRESSURE = 60 PSF) 


OIL- FLOW PHOTOGRAPHS (DYNAMIC PRESSURE = 80 PSF) 
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